INTRODUCTION
THE inheritance of variegation has special interest and importance in genetics. It is with forms of variegation that the only two certainly known cases of non-Mendelian inheritance have had to do. I refer to Baur's experiments with Pelargonium, in which crosses of green-leaved and white-leaved forms exhibited somatic segregations in F1 that bred true in later generations, and to Correns 's work with Mirabilis, which showed green and white leaf color, to be inherited through the mother only. De Vries's conception of "ever-sporting" varieties was apparently founded largely upon the behavior of variegated flowers in pedigree cultures, from which he reached the conclusion that the variegated color pattern and the monochromatic condition arising from it as sports are non-Mendelian in inheritance. Correns, however, has shown that in Mirabits jalapa the inheritance of these sports is distinctly Mendelian, and the results of East and Hayes indicate the same for Zea mays. In this paper I shall present data from maize and attempt to show how they can be interpreted in strictly Mendelian terms.
Variegation is distinguished from other color patterns by its incorrigible irregularity. It is perhaps most often seen in the coloration of flowers and leaves but also occurs in fruits, seeds, stems, and even roots of various plants.
It is characteristic of the ears of certain varieties of maize known, at least in the Middle West, as "calico " corn. In 
87
The American Naturalist, Vol. 48, No. 566 (Feb., 1914), pp. 87-115 these varieties the pericarp of most of the grains has few to many narrow stripes of dark red, the remaining area being colorless or showing a sort of washed-out red. Often broad red stripes appear on some grains, a single stripe covering from perhaps one tenth to nine tenths of the grain. Not uncommonly there are entirely colorless grains (so far as pericarp is concerned) and also solid red grains scattered over the ear. Much more rarely there is found a "freak" ear with a large patch of self-red or nearly self-red grains. Or sometimes an ear is composed largely of red or almost red grains with a small patch of striped or nearly colorless grains. In such cases it is not uncommon for the margin of the red area to cut across a grain so that one side-always the side toward the red patch-is red and the other side colorless or striped. Ears that are colorless throughout, except for a single striped grain, are not unknown and there are even known ears that are red except for a single striped grain. Very rarely a plant has one self-red ear and one variegated ear on the same stalk. It is also conceivable that all the ears of a plant might thus become red, but of course such a redeared plant rising as a bud-sport could not ordinarily be distinguished from a red-eared plant arising as a seedsport.
Variegated ears generally have variegated cobs, the amount of red in the cob ordinarily varying with the amount of red on the grains. In some "freaks" a part of the cob is solid red and the rest variegated. In a few such cases the red part of the cob corresponds exactly in position to the freak patch of grains. This is more frequently true when the grains of the freak patch are dark variegated than when they are self-red. In other ears there is no change in the cob corresponding to the change in the grains. The husks of variegated ears are also rather commonly variegated. In a few freak ears the red side of the ear is enclosed in reddish husks, the remainder of the husks being light striped. Red-eared plants arising as seed-sports always have solid red cobs and usually solid reddish husks.
The first account, so far as I am aware, of the inheritance of the striking somatic variations so commonly found in variegated plants was given by de Vries2 in his discussion of ever-sporting varieties. The study was made in the years from 1892 to 1896 with a. variety of Antirrhinun with striped flowers. De Vries 's records are reproduced diagrammatically in Fig. 1 
RESULTS OF EXPERIMENTS WITH MAIZE
Hartley4 in 1902 gave an account of an experiment with variegated maize. In a comparatively pure white strain, which occasionally produced a red ear, there was found an ear similar to some of the "freak" ears noted earlier in this paper. It is described as being red except for a spot covering about one fifth of the surface, in which the grains were white with fine red streaks. The excellent plate accompanying the account, however, shows that most of the "red" grains had white streaks at the crown and that the -cob wa-s light-colored, not red. From the near-red grains of this ear there was produced a crop of 84 red ears and 86 pure white ones, while from the variegated grains of the same ear there came 39 light variegated ears and 36 white ones. Hartley refers to the parent ear as a " sport or sudden variation from the type" but does not indicate whether the "type" in mind was the white variety or the red ears occasionally produced by it. Both the color of the grains and cob and the production of about 50 per cent. of white ears from both the red and the variegated ,grains indicate very clearly that the parent ear was a heterozygous, variegated one and that it probably came from a white seed crossed by a stray grain of pollen from a variegated-eared plant, just as the occasional red ears in the white variety were certainly produced by stray pollen from red-eared plants.
More recently East and Hayes5 reported like behavior of a similarly variegated ear. An ear having on one side solid red grains and on the other white and very light variegated grains, similar to some of the "freak" ears noted earlier in this paper furnished the material for the test. The ear was produced from a white seed in a field of otherwise pure white corn and was therefore doubtless heterozygous for pericarp color and was probably pollinated in large part from plants without pericarp color, so that 50 per cent. white-eared plants were to be expected in its progeny. The white, the light variegated and the solid red grains were planted separately. The white and the variegated seeds alike produced light variegated and white ears, 15 of the former and 15 of the latter. The red seeds produced 22 white ears and 22 solid red ears. The authors' interpretation of these results is that the white seed which gave rise to the original colored ear had been fertilized by pollen from a red-eared plant and that the F1 plant, " due to produce a red ear varied, somatically so that one half of the ear was red and one half striped."
The authors further state:
This variation was transmitted by seeds, but at the same time the hybrid character of its seeds was unchanged as shown by their segregation into reds and whites in the next generation and the normal segregation of the hybrid dark reds in a further generation.
In the light of my own observations, it is equally possible and seems more likely that the white seed from which the original red-and-variegated ear came was the result of pollination from a plant with variegated ears, and that the somatic variation was from variegated grains to solid red grains rather than from red to variegated. But the important fact is that a somatic variation was later inherited in a strictly Mendelian way.
In 1909 I obtained results somewhat similar to those reported by East and Hayes. A few "freak" ears were secured, mainly from local and national corn expositions.
Nothing was learned as to their parentage or pollination. Obviously, however, the parentage of the red, the variegated, and the white grains of any one ear was the same, and it is reasonable to suppose that the different sorts of grains of any one ear were pollinated with approximately the same kind or the same mixture of pollen. In the progenies of these 63 self-pollinated ears that were heterozygous for pericarp color, there were approxi- Half-red differs from self-red and variegated red not only in distribution but also in almost never developing fully in the heterozygous condition. It is hypostatic to self-red, but shows between the red stripes of variegated seeds. Since its presence does not mask either self-red or variegated-red and since it is strictly allelomorphic to both of them, half-red is here included with non-red. Variegated ears have never, in my observation, produced half-red grains as somatic variations. In comparison 9 Though the genetic factors for pigment patterns in maize seem to be distinct from the factors for the pigment concerned in these patterns, no non-colored maize that I have used has ever given any indication in crosses of carrying pattern factors.
The principal facts of interest here are the production of only one red-eared plant to about 140 variegated-eared ones from narrow-striped seeds, and of about one redeared to two variegated-eared plants from seeds with from one half to perhaps three fourths red.
Of 20 variegated ears, heterozygous for pericarp color, that were crossed with pollen from pure non-colored strains, 5 had only narrow-striped grains and 15 had variously broad-striped grains and even some self-red ones. The summaries of these crosses are as follows: Here again, just as with homozygous, variegated ears, the mnore red there is in the pericarp the mnore likely are the female gametes to carry a factor for self-red. While the number of individuals dealt with are too few to afford reliable evidence, it is suggestive to note that the ratio of red-eared to variegated-eared plants, though not the ratio of red-eared to total plants, is greater in case of parent ears that are heterozygous than of those that are homozygous for variegated pericarp.
So far nothing has been said of the results in generations later than the one grown from the selected seeds 
INTERPRETATION OF RESULTS
Any interpretation of the data. presented here must take account of these facts: (1) that the more red there is in the pericarp the more frequently do red ears occur in the progeny, and (2) that such red ears behave just as if they were F1 hybrids between red and variegated or red and white races. The development of red in the pericarp is evidently associated with and perhaps due to a modification of some Mendelian factor for pericarp color in the somatic cells. The zygotic formula of a plant homozygous for variegated pericarp may be designated as VV, and that of a plant heterozygous for variegated pericarp as TJ-. If in any somatic cell VV, from unknown causes, a V factor were transformed into a. factor for self-color, S, that cell would then have the formula VS. Any pericarp cells descended from it would without further modification be red. If all the pericarp cells of a seed were thus descended, the seed would be self-red, just as it would if the plant bearing it were a. hybrid between pure red and variegated races. Moreover, one half of the gametes arising from such somatic cells would carry V and one half would carry S, just as if the plant were a hybrid of red and variegated types. Or, if both V factors were changed, the grains would be self-red as before, but all instead of half the gametes would carry S. If, however, the modification from VV to VS should occur very early in the life of the plant, or even of the embryo, all the ears of the plant might thereby become self-red, and one half of all the gametes both male and female might then carry S and the other half V as in the ordinary hybrid. Or the plant might then become a sectorial chimera with one variegated ear and one red ear, the gametes from the one side of the plant all carrying V. If the modification occur much later, say soon after the ear begins to form, there might then be merely a solid patch of red grains on an otherwise variegated ear. In this case only those gametes arising from these smaller masses of tissue would carry half S and half V. If, however, the modification occur after the grains begin to form, the latter might be perhaps three fourths red, or one half red, or merely have narrow stripes of red, depending upon the amount of pericarp directly descended from the modified cell. In this case it seems reasonable to assume that the larger the mass of modified tissue the greater the chance that the gametes concerned should carry S. Finally, if in certain grains the change never occurs, they should show no red and the gametes formed in connection with them should all carry V, none S.
Similarly, it may be assumed that in any cell of a heterozygous, variegated-eared plant, V-, the V factor may as before become an S factor. The effect on pericarp color would be exactly the same as in a homnozygous, variegated plant, and, of the gametes arising from the modified tissue, one half would carry S as in the other case, but the other half, instead of carrying V, would carry no factor and would be represented by.
If the interpretation suggested here is correct, it is to be expected that the more red there is in the pericarp of any seeds, i. e., the larger the mass of tissue descended from the cell in which the change from V to S took place, the greater the chance that the female gametes concerned carried the factor S. With heterozygous, variegatedeared plants, V-, however, never more than half of the gametes concerned could carry S even in case of self-red grains, the other half of the gametes carrying no factor, . Of the heterozygous, variegated ears the progenies of which have been reported here, some were selfed, some crossed with white, and some open-pollinated. From selfpollinated ears, self-red and nearly self-red seeds yielded 32 red-eared, 9 variegated-eared, and 14 non-red-eared plants, or practically 58 per cent. self-red. This excess of self-red ears may be due, in part at least, to the presence of the S factor in some of the male gametes concerned, but the numbers are too small to give very reliable indications. From similar ears that instead of being selfed were crossed with white, so that the results could not have been influenced by factors present in the male gametes, self-red and nearly self-red seeds produced 14 plants with red ears and 13 with non-red ears, or about 52 per cent. red. While these numbers are very small, the fact that no variegated ears were produced, but that every ear with any red color was self-red, is noteworthy. From the open-pollinated, heterozygous ears included in my cultures self-red seeds gave progenies consisting of 171 redeared, 32 variegated-eared, and 102 non-red-eared plants, ' or about 56 per cent. red.
In case of homozygous, variegated-eared plants, VV, all the gametes associated with seeds that later become selfred could carry S only if both V factors of the somatic cells from which the gametes arise were changed to S factors. Because of the rarity of changes from V to S, unless both V factors are influenced alike by whatever causes the change, so that both change simultaneously to S factors, the chance is slight that more than one will ever change. for there is no assurance that the seeds used really averaged one half red and no assurance that some of the male gametes in the case of the selfed seeds did not carry S.
We must now examine the results secured in generations later than F1, and note whether the hypothesis under consideration applies equally well to them.
It will be recalled that F1 red-eared plants that arose from homozygous, variegated ears which had been selfpollinated (see page 99) yielded in F2 only red-eared and variegated-eared progeny. On our assumption the f ormula of the parent variegated ears was VV, but the red grains of these ears were VS and the gametes associated with them therefore either V or S or all S. Female gametes carrying S would have produced red ears in F1 whether the male gametes carried S or V, and female gametes with V could not have produced red ears except when the male gametes uniting with them carried S. The F1 red-eared' plants must therefore have been VS or SS, the former being expected much more frequently than the latter, owing to the rarity of S in male gametes. Only 7 such red ears were tested and all yielded red and variegated ears in-typical Mendelian ratios, showing that all of them were VS like ally F1 hybrid between red and variegated races. Of two F2 reds from selfed F1's, one again yielded reds and variegates and one apparently bred true red. Three F, reds, from F1 reds crossed by whites, yielded reds and whites only-typical Mendelian results throughout.
When F1 red-eared plants arose from either homozygous or heterozygous, variegated ears that had been crosspollinated by whites they yielded only red-eared and white-eared, never variegated-eared, offspring (see page 100), just as if they were F1 ears of a cross of reds with whites. By hypothesis the parent variegated-eared plants were V-and VV, and their red grains S-and SV (or possibly SS). The gametes associated with such grains were therefore S and -, and S and V ('or possibly all 5). The male gametes from white races were all -. The F1 plants were therefore S-, V-, and --, only those with S-having red ears. The five red-eared F1 plants that were tested produced in F, red-eared and white-eared plants in Mendelian ratios. Of the F2 red-eared plants one bred true in F. and three again segregated into reds and whites.
When heterozygous, variegated, parent ears were selfpollinated, the F1 red-eared plantsbehaved in some cases like hybrids of red with variegated races and in other cases like hybrids of red with white races (see page 99).
Our assumption is that the variegated-eared parent plants~ were V-and their red grains 5-. The gametes associated with these red grains were of course S and -. The Variegated-eared plants do not throw reds and whites, but reds and variegates. The conclusion seems irresistible that self-color occurring as a somatic variation is due to the change of a Mendelian factor for variegation into a factor for self-color. If this be granted, the behavior of these variations in later generations is a mere matter of simple Mendelian inheritance.
From the title of his paper and the tone of his discussion, it is clear that Correns regards, as the most significant feature of these inherited somatic variations, the change from a homozygous to a heterozygous condition.
He even refers to them as cases of "vegetativen Bastar--dierung" or "autohybridization." To me, however, the essential feature is the change of one Mendelian factor into another. The fact that this modification of genetic factors results in a change from homozygosis to heterozy-taneously in the rudiments of every grain so that the grains become self-red while, the cob remains variegated.
We might, of course, account for the appearance of selfcolored grains on a variegated cob on the basis of separate factors for cob and pericarp color'0 by the assumption that one of these factors may be modified while the other remains unchanged. But we should then have the no less difficult problem of accounting for the universal appearance of red cobs with F, red ears without respect to whether the parent grains stood on red or variegated cobs."
Forced to its logical limit, our conception of the V fac, tor is that of a sort of temporary inhibitor, an inhibitor that sooner or later loses its power to inhibit color development, a power that once lost is ordinarily never regained. Of course it may be that there is present in variegated maize merely a dominant factor for self-color, S, that is temporarily inactive, but that sooner or later becomes permanently active. Even if this be true, S as an active factor and S as an inactive factor are certainly as distinct in inheritance as they are in development and therefore deserve to be designated separately. And since in one case there results self-color and in the other variegation, the factors may as well be called S and V as anything else. It is of course also conceivable that the S factor may repeatedly arise de novo, though this seems very unlikely.
Whatever our conception of the nature of the factors for variegation and for self-color in maize ears, these factors are certainly as distinct in inheritance as any two factors could well be. Moreover, there is abundant evidence, which can not be given here, that they are strictly allelomorphic, as indeed they must necessarily be if one arises by modification of the other-this on the assumption that the factors are definitely localized in certain 10 Evidence that there are distinct factors for cob and pericarp color was presented in a previous paper on coupling and allelomorphism in maize.
Ann. Rpt. Nebr. Agr. Expt. Sta., 24: 59-90. 1911. 11 This problem is discussed in another paper on the simultaneous modification of distinct Mendelian factors. AMER. NAT., 47: 633-636. 1913. chromosomes. Furthermore, these factors are to be regarded as pattern factors. Though they must influence the development of the pigment in order to produce a pattern at all, they are now known to be distinct in inheritance from the factors for pigment-a fact that I have been able to show by use of a race of maize with a peculiar brown pericarp in addition to races with red pericarp. This relation is not such that seeds showing say nine tenths, one half, or one tenth red will produce or even tend to produce plants whose ears as a whole or whose individual grains are, respectively, nine tenths, one half, or one tenth red. Experimental results indicate rather that the more color in the pericarp of the seeds planted the more likely are they to produce plants with wholly selfred ears, and, correspondingly, the less likely to yield plants with variegated ears.
Self-red ears thus produced are shown to behave in in-lheritance just as if they were hybrids between self-red and variegated races or between self-red and non-red races, the behavior in any given case depending upon whether the parent variegated ears were homozygous or heterozygous for variegated pericarp and whether they were self-pollinated or crossed with white.
It is suggested that these results may be interpreted by the assumption that a genetic factor for variegation, V, is changed to a self-color factor, S, in a somatic cell. All pericarp cells directly descended from this modified cell will, it is assumed, develop color, and of the gametes arising from such modified cells one half will carry the S factor and one half the V factor if only one of the two V factors of the somatic cells is changed, or all such gametes will carry S if both V factors are changed.
The V factor is thought of as a sort of temporary, recessive inhibitor that sooner or later permanently loses its power to inhibit color development, becoming thereby an S factor. Or it may be that the dominant factor, S, is temporarily inactive, but sooner or later becomes permanently active. Again, the S factor may repeatedly arise de novo. The cause of any such change in factors is beyond intelligent discussion at present.
The results of Correns with Mirabilis and of de Vries with Antirrhinum are shown to be subject to the same analysis as that used to interpret the results secured with maize.
